Knowledge of the anatomical variations in the branching of the popliteal artery is important because damage to its branches can be limb-or life-threatening.
INTRODUCTION
Open surgery on the knee poses a risk to the popliteal artery and its branches. The risk may increase as the anatomical positioning of the vessels varies. This study is the first prospective one using colour Doppler ultrasound to assess the prevalence of high-origin anterior tibial artery.
MATERIALS AND METHODS
A colour Doppler ultrasound machine (Aloka 2000; Aloka, Tokyo, Japan) with a 5 MHz linear array probe was used to investigate the anatomy of the popliteal artery in 100 knees. 50 patients (25 males and 25 females) who attended the Medway Maritime Hospital with unrelated orthopaedic problems in June 2001 were prospectively studied. No patient had a history of lower-limb arterial pathology or previous knee surgery. Consent was obtained from all patients. All ultrasound images were assessed by a single experienced vascular technician to eliminate interobserver variability. Data were used to study the effect of knee flexion on the popliteal artery in our previous study. 1 The relative positions of the artery, bone, and popliteus did not change on movement.
RESULTS
The mean age of the patients was 56 years (range, 21-96 years). The popliteal artery and its bifurcation in all 100 knees were visualised. The position of the anterior tibial artery with regard to the posterior tibial cortex and popliteus was delineated. Six knees (one patient involved bilaterally) were detected to have a highorigin anterior tibial artery. The popliteal artery of the 6 knees divided proximal to the popliteus. The course of the anterior tibial artery was anterior to the popliteus and in direct contact with the posterior tibial cortex (Fig. 1) .
DISCUSSION
In the most common pattern of bifurcation of the popliteal artery, the popliteal artery passes through the popliteal fossa and gives a branch-the anterior tibial artery-at the lower border of the popliteus. The popliteal artery then continues and divides into the tibioperoneal trunk and posterior tibial artery (Fig. 2a) . 2 There are many variations to the terminal branches of the popliteal artery. The popliteal artery may divide a branch proximal to the popliteus above the middle portion of the posterior surface of the popliteus. This is defined as 'high branch' (Fig. 2b) . 3 The anatomical variation in the bifurcation of the popliteal artery may have an embryological basis. 4, 5 In developing embryos, the axis artery of the lower limb arises from the dorsal root of the umbilical artery, then runs through the thigh, knee, and leg, and lies between the tibia and popliteus below the knee. The femoral artery passes along the ventral surface of the thigh to become the main artery of the lower limb. At the distal border of the popliteus, the axis artery gives off a perforating branch-the ramus communicans-that communicates with the femoral artery. This passes ventrally between the tibia and fibula and forms the anterior tibial artery (Fig. 3a) . As the femoral artery gradually enlarges, the axis artery regresses. Failure of formation of the ramus communicans results in persistence of the axis artery, which becomes a high-origin anterior tibial artery passing anterior to the popliteus, as seen in 6 of the knees (Fig. 3b) . Cadaveric and arteriographic studies have reported the prevalence of high-origin anterior tibial artery to be 1.9% to 4.2% (Table). 3,5-10 A high-origin anterior tibial artery lying posterior to the popliteus is the most common type of 'high branch'. It is surgically important because it passes beneath the popliteus and is in contact with the posterior tibial cortex. Although high bifurcation of the anterior tibial artery can sometimes be associated with abnormality of the popliteus, this study aims to assess the prevalence of the proximity of the aberrant vessel to the posterior tibial cortex, not the anatomical variation of the popliteus.
Duplex ultrasound imaging provides a quick, 
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non-invasive modality for studying vascular anatomy. It reveals both the popliteus and the adjacent arteries more clearly than angiography. The poor visibility of the popliteus in angiography may contribute to some of the variation between anatomists and radiologists in the reported prevalence of a high-origin anterior tibial artery. Duplex ultrasound is used to measure movement or flow in the body, especially blood flow, rather than to delineate anatomical structures such as popliteus and blood vessel. Nonetheless, we felt this modality was sufficient to locate the relative position of the popliteal structures.
The high-origin anterior tibial artery passes beneath the popliteus and is in direct contact with the posterior tibial cortex. It is thus vulnerable during knee arthroplasty or high tibial osteotomy when a transverse tibial cut through the posterior tibial cortex is performed using an oscillating saw, a drill, or an osteotome (Fig. 4) . Arterial complications including transection, fistula formation, pseudoaneurysm, 11 and thrombosis 11, 12 can be limb-or life-threatening. However, these complications are rare; the reported incidence of arterial damage during knee arthroplasty is 0.03% to 0.2%. 11, 13 
